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Scaled flux EZ5J(E) (m2s'sr!ev'd)

Equivalent c.m. energy Vs, (GeV)
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Current Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA

(5 country i)
collaboration) Y

700 km? array y‘f " 4% Pierre Auger

3 fluorescence " , Observatory
\';Q‘i“.%;: o -, | |

telescopes N #h {} Mendoza Argentina

ey ¢ (19 country

collaboration)

3 ,000 km? array
4 fluorescence telescopes



The Pierre Auger Observatory

Argentina —_ 500 Scientists, 19 Countries
Australia

Brasil >
Bolivia* AN 5

Croatia
rance ﬁ‘i?‘:},l\\

Germany %1‘1135 '::...'.,. "',:::."'
ItaIy .:".:_".':.:' .._._.T:. ...... :::*.:._. :*._..
Mexico L 20 '5. . .'*...':
Netherlands & Wi iy
Poland =S4 s

Portugal

Romania* . T

Slovenia e L = -"'...',,':" T .
Spain -+« 3,000 km? water cherepkev.” *.* - -

UK -+ - " detectors array R

el - 4 fluorescence Telescopes i
Vietham* P =

*Associate Coufties Mal argue, Arg entina -



Telescope Array
Area: 700 km?
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3 FD stations overlooking an array of

507 scintillator surface detectors (SD)

complete and operational as of ~1/2008.



1{]3? -

Auger 2013 preliminary

Normalizations: Hybrid -6%, Inclined +4%, 750 m array +2%, SD -1%

1{]36

130 000 events !

175

18.0

18.5

I19.UI - I19.5I - IZD.DI - I2{].5
logo(E/eV)

See Dembinski i
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Statistically limited evidence for Comic Ray Anisotropy above
5.7x 10%° eV in the North and South

E >5.7x 10% eV 20°smoothing____~ 5 o pretrial
Dec. (deg) 'y ’ 17 »

30 p /

E > 57 EeV
# of events correlating with AGN,

ordered in energy (integral plot)
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How many EECRs > 60 EeV?

Auger w/ 3,000 km?

~20 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events > 60 EeV/ yr
Auger + TA < 30 events/yr

30+ years to reach 1,000

Earth - surface ~5 108 km?

~3.4 10° events/yr



How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 60 EeV/ yr

Telescope Array w/ 700 km? \\
N yr

~5 events > 60 @
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Earth »)sur ace ~5 108 km?

~3.4 10° events/yr




Go to SPACE!
To look down on the

Atmosphere!



How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO

Earth - surface ~5 108 km?

~3.4 10° events/yr



How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO
~200 events > 60 EeV/yr

Afs@ace ‘5T1\E)8‘k?>2

Earth

~3.4 10° events/yr



:
!

5 UM

e JEM-EUSO Mission
Extréme Universe Spz
x5 - ; w - /-'
in the Japaneseds
ofthe

Observat

a \W/

..
o N




Japan USA Korea I\/Iexrco Russia, Algeria
 Europe: Bulgarra France Germany Italy,

' Poland, Slovakia, Spain, Swrtzerland Sweden
185 Countrres 300 researchers A
Jeading institution: RIKEN 77

Pl: Piergiorgio Picozza




View from NASA: “Cosmic Ray Observatory on the ISS”
Vv .

ISS-CREAM
Sp-X Launch 2014

JEM-EUSO
CALET on JEM | Launch
T

HTV Launch 2014 entatively
| planned for 2017




JEM-EUSO goals
g 'il-lllp

..‘\

- pioneer the tudy« EECR frpa ﬂ.;, _
- increasesexpostire to EECR by 1order of

magnitudé \\- N 2, & N

- discover the heart \-»E:ﬁ”

heye
Y
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Fluorescence
from SPACE




JEM-EUSO Mission

Parameter

Launch date

Value
2018

Mission Lifetime

3+2 years

Rocket

H2B or Falcon9

Transport Vehicle

HTV or Dragon

Accommodation on JEM

EF#9

Mass

~1200 kg

Power

926 W (op.) 352 W (non op.)

Data rate

285 kbps (+ on board storage)

Orbit

~400 km

Inclination of the Orbit

51.6°

Operation Temperature

-10° to +50°




Full Sky Coverage

with nearly uniform exposure

Inclination: 51.6°
Height: ~400km



JEM-EUSO
Sky Coverage

Relative ex p'usur'e {Isﬁ

Declination [°]
-30 0 +30 +60490

JEM-EUSO (ISS) /64,000 km?*-sr
Auger (p = 35.5°S) / 7,000 km?-sr
TA(p=391°N) /1,800 km?-sr

-1 -06-06-04 02 0 02 04 06 08 1
sin(Declination)
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UV Telescope Parameters |

Parameter Value
Field of View +30°

Monitored Area 3x105km
2> m

1.

Telescope aperture >

Operational wavelength 300-400 nm
Resolution in angle 0.075°

Focal Plane Area 4.5 m?

Pixel Size <3 mm

Number of Pixels =3x10°
Pixel size on ground
Time Resolution 2.s
Dead Time <3%
Photo-detector Efficiency 220%




DAQ Electronics
o ‘o N

0
iy

Rear Fresg ons

Precision
esnel lens

P

Support Structure : | 7
«,\ \k g ‘

ek -

»

Ground Based Calibration |

Housekeeping

Ground Support Equipment

Imuiation - vworiawiae



http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Poland.svg

Rear Fresg ens

Precision
esnel lens

Atmospheric Monitoring Ground Support Equipment



http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Poland.svg

Optics design by ray tracing

A. ZUCCARC

Simulation conditions

FOV 30 KN AL \

Optical 330 + 400 Focal Surface

bandwidth nm

Entrance 22.3m

Pupil [

Diameter ] Rear Lens

F/inumber £1

. Middle Lens

I ‘suria

: Precision Fresnel

Focal ~4.5 m? lens cancels Optics
:lrJ;f:CG (curved) chromatic aberration

= Front Lens

N\ Diameter : 2.65m

24




Science Instrument

Side view

Focal Surf:
Detector ana

V . gﬁ\ Electronics
Focal Surface

Rear Lens

Deployment
Mechanism

JEM-EUSO Telescope
will be deployed
after it is attached at
the ISS

Middle Lens |

Atmospheric
Monitoring ; |
System "V '

- —4.

Optics

Front Lens

.
e
.
e
----
e .
...........
" lessssssasssnnns

Pallet
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UV Telescope Parameters

Parameter Value

Resolution in angle 0.075°

Pixel Size <3 mm

 mberotenes | @S
 xeszeongownd | mem




Focal Surface Detector

26mm Y. Kawasa
55mm M. Ricci, Il

Elementary Cell

4932 2x2 PMTs = 256 pixels)

MAPMTs
(8x8 pixels)

\

Photo-Detector Module
(3x3 ECs = 2,304 pixels

Focal Surface detector
137 PDMs

= 0.3M Pixels
1 High Voltage / PDM

27



FAST SIGNAL S

b\ Scattered Cherenkov

duration 50 -150 ps

B Fluo : 7131
- Dir. Cher. : 568
[ ] Bek. Cher. : 918
' 30° %
X £ ~

X

(=

o ~

Afmosp';‘ﬁre 1 GTU gate time units = 2.5 us

Che;‘—enkov \

250km/ Background: 500 /m? sr ns




Shower Simulation

Simulated air shower image on
the focal surface detector.

Photons vs GTU |

Zg_ 300 Num. of Photons

I on Pupil:8617

— P Detected photoelectrons are
L LN recorded every Gate Time Unit
(GTU) of 2.5us continuously.

100
50

0

30 40 50 60 70
GTU number



JEM-EUSO in USA
Global Light System

U e o e RS

2o d:06PH






JEM-EUSO goals
g 'il-lllp

..‘\

- pioneer the tudy« EECR frpa ﬂ.;, _
- increasesexpostire to EECR by 1order of

magnitudé \\- N 2, & N

- discover the heart \-»E:ﬁ”

heye
Y

&V‘:"\.




—h —

posure (km? sr yr)

AQnuoIEx

1

(]
o

L]
s

D2

1

JEM-EUSO

=" JEM=EUSO

-.-"
o
/7
S
-!.
/
g _ AUCER_ [ _
l'f'
I
! (

10 x Auger

\.

)
annual exposure =

6 104 km? sr yr

/

JEM—EUSO Colloboration, Astropart.Phys. 44 (2013) 76
Pierre Auger Collaboration, Nucl.Instrum.Meth.A 613 (2010) 29

9

19.25 19.5 19.75 20

20.25 20.5 20.75
Logse (E/eV)
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4 sources

7 evts (4.10 Mpc)
5 evts (3.70 Mpc)
. 5 evts (3.70 Mpc)
. O

Mizxed | Ey;,, =7 % 316 EeV| a=2. 3 \ n5_1 610 “Mpcfd | BEp_o 3nG | N(>100EeV) =100

+30°

O N LV J L )

5 evts (10.00 Mpc)

o Z=0,1 A Z=2 b Z=3,.8 o Z=9,.19 Z=20,..26
° E o E=80EeV o E=90EevV O E=100EeV

10 sources

56 evts (18.90 Mpc)
53 evts (19.00 Mpc)
31 evts (32.60 Mpc)

Mized | By, =2 x 15 E6V| a= 1 6 | n5—10 Mpc 3 | BEG—O 3nG | N(>80EeV) =250

30 evts (14.80 Mpc)

o Z=0,1 A Z=2 0 Z=3,..8 o Z=9,.19 Z=20,..26
E=60EeV o E=70EeV o E=80EeV O E=90EeV O E=100EeV




Order of magnitue increase in Exposure

JEM-EUSQ
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JEM-EUSO

nadir

2015




ZeV neutrino sensitivity

| | | | | | | | | | | |
1072 : ..
diffuse v, + v, + v, limits
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107 f Y "
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|
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Strangelet Limits
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Ightning picture observed from 1SS

~300 km
, ~40-80km
Elves ] ]
100+ -
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5 r Gigantic ’
g 50+ Jet
=2 Blue Jet
L ’ Columniform S
\ S Carrot Sprite
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EUSO PATHFINDERS

EUSO-Balloon (First flight Fall 2014)
EUSO-TA (commissioning Spring 2014)
Mini-EUSO (2015-16)



é EUSO Balloon - pathfinder

cnNnes

Scheduled for flight Fall 2014

© By =

Pl: P. von Ballmoos



Electronic

Simulations

’ JEM-EUSCT BALTON

O Albertville

O Annecy

EUSO-BALLOON

volume of view

(+-8deg, 15 deg inclination)
square of 12 km side

Image © 2011 GeoEye l ‘
Lot aoge =.Google
Image © 2011 IGN-France

46"09'15.66° N 6°14'44.85" O Hohe 666 m Sichthdhe 77.04 km o



Testing EUSO-Balloon

(US NASA APRA)

Fly one aircraft equipped with
two types of calibrated pulsed UV light sources.

Point Test: Fly airplane in field of view and fire flash lamp

Light travels directly from lamp to detector

Track Test: Fly airplane outside field of view and shoot a
UV pulsed laser across field of view. Light scatters out of

the beam to the detector.
(5 mJ Laser ~100 EeV Cosmic Ray)

Fly aircraft at altitudes between 2,000 and 10,000 feet.

= e
-

v g

Calibrated UV laser

Track Test

1
|
i
]

I
Point ! \AV \
i
Test '_-J'_—";
Calibrated l,
i
1

Flash lamp
i

—
-

2.5 miles \







Mini EUSO

el
o ) g
= =
= = PDM o
= = =! (PhotoDetectorModu £
[ ~ |e]. =
3 g o
3 3 Front-End Electronics e
% % and =
3 3 Trigger boards a
2 2 =
o o m

22 cm

Figure 1 MINI-EUSO block scheme: Optical system with two Fresnel Lenses (25 cm diameter) focalizes UV light on a focal
surface of 1 PDM, 36 multi-anode PMTS, total 2304 pixel

ISS024E012294



Focal 'Su rface R&D

",'—Imagi'ng the Extreme Lniverse

| Imaging the
| Extreme Universe:
| Solid-state cameras

~




In the next decade,
\ we can find the

\ Sources of UHECRS
from Space!!!

\
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Science Instrument

Side view

Focal Surface
Detector and

T Tz Eﬁ\ Electronics
Focal Surface

Deployment =\
Mechanism :

JEM-EUSO
Telescope will be
deployed after it is
attached at the ISS

Rear Lens

Middle Lens |

Atmospheric .
Monitoring Sries
System
i T S U Erontiione |
. >— — \“ [I .| —1 ront Lens ;
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Next Generatio

Detecto

n GZK Neutrino
s

o—=©0
5—=8

fr--t

T 1 |||||I'|
Yuksel & Kistler '07

— — - ESS '01 strong
Kotera et al. '10 max

ESS '01 baseline
''''' ~ Ahlers et al. "11

T ||||||I'|

! ||||||I'|

=

otera et al. "10 mid
Kotera et al. "10 low
Ave et al. '07 Fe mix
ANITA-II (2010}

lceCube-40 (2011)
Auger (2008)

ARA-37 3 yrs projected
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